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RESEARCH MEMORANDUM

EFFECT OF ANNULAR INLET BAFFLES ON ROTATING STALL, BLADE VIBRATION,
AND PERFORMANCE OF AN AXTAT.-FIOW COMPRESSOR IN A TURBOJET ENGINE

By Donald F. Johnson, André J. Meyer, Jr., and Morgan P. Hanson

SUMMARY

The effects of five different sizes of annular inlet tip baffles
on rotating stall, blade vibration, and performence of & compressor in
a J47-23 turbojet engine were investlgated. The S-percent-area tip
baffle was sufficient to eliminate sustained rotating stall in the en-
gine. Vibratory stresses in & second-stage rotor blade above the fatigue
strength during operation with no baffle and with the exhaust nozzle
closed to simmlate rapid acceleration were reduced to safe levels with
the installstion of the S5-percent-ares tip baffle. Compressor perform-~
ance parameters were reduced by a factor of 1 to 4 percent by the 5-
percent baffle at 65 percent of rated speed. :

INTRODUCTION

Serious vibration problems due to rotating stall are encountered
more and more frequently in axial-flow-compressor operation. When an
exial~flow compressor is operated between 50 and 70 percent of rated
speed, the ratio of inlet to outlet ares in the compressor 1s inconsis-
tent with the developed pressure ratio. A pabtbern of regions of high
and low axial flow may be established in the annuius. These regions may
be at the compressor case or at the hub. They may be large, each region
covering several blades clrcumferentially and extending radially over
the whole spen of the blade, or small, covering only one blade for 5 to
10 percent of 1ts span; and they may extend axislly throughout the com-
pressor. There may be sny number of regions, and the whole pattern ro-
tates in the direction of compressor rotation at roughly SO percent of
the rotor speed.

Rotating stall is a potentisl problem in two respects. It may im-
pair the performsnce of the compressor, and it may cause serious resonant
vibrations in the compressor blading. For example, in reference 1, ro-
tating stell was directly responsible for exciting blade vibrations of
sufficient magnitude to fail the stator blades by fatigue after a few
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minutes of operation in an experimental compressor. Considerable work
has been done on varilous turbojet engines with axial-flow compressors
ingtrumented to measure strains in rotor or stator blades, or both
(refs. 2 to 5). In most cases, blade vibrations excited by rotating
stall were encountered; these vibrations were of sufficient magnitude
to faill blades by fatigue.

There are several methods by which the glze of the ptalled regions
snd the magnitude of the velocity fluctuatlons might be reduced or the
periodicity of the stall patterns might be broken up. One way of dimin-
ishing the effects of rotating stall is to vary the angle of the inlet
gulde vanes. The inlet-outlet area ratio could be made campatible with
the pressure ratio by a partial blocking of the inlet. BSince rotating
stall 1s ususlly predominant at the base or tip of the blades, an snnular
bhub or tip baffle might be introduced at the Inlet of the compressoxr
(refe. 5 and 6). Thus, the rotating stall and associated vibratory
stresses may be reduced to & safe level.

The object of this investigation was to determine the effect of an-
nular tip inlet baffles on performance, ‘rotating stall and associated
blade vibrations in the compressor of a J47-23 turbojet engine. The en-
gine was run under static sea-level conditions with no baffle and with
five baffles of different sizes.

AFPARATUS

The engine used in this investigation was a J47-23 turbojet mounted
in & static sea-level test sgtand. A bellmouth end bullet nose at the
front of the engine provided a smooth approach of air flow to the inlet.

A variable-area exhaust nozzle was used. Temperatures and static and
total pressures were messured with rakes and probes at the inlet and out-
let of the compressor and at the tail cone. The temperatures were read

on a self-balancing potentliometer, and the pressures were photographically
recorded from banks of manometer tubes.

Two first-stage, four second-stage, and two third-stage compressor
rotor blades were instrumented with commercisl resistance-wire strain
gages. The electrical circuit was completed to the rotor by means of
slip rings, and power was supplied to the straln-gage bridges by storage
batteries.

Hot-wire probes were supported by actuators whose radial positiaons
were remotely controlled and indiceted. The actuators were mounted in
the compressor case between stator blades in the first and fourth stages.
The output of the hot-wire probes was smplified by an NACA constant-
current hot-wire amplifier %ref. 7). The hot-wire:filament wss of
0.001-inch~diameter wire 0.1 inch long. Radial filaments were used to
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aceommodste a wide variation im flow direction. The oubpubts from the
strain gages and hot-wire snemometers were recorded on & l2-channel
recording oscillogreph and were monitored on a dusl-beem cathode-ray
oscilloscope. In addition, radial traverses with the hot-wire anemom-~
eters were recorded on a self-balancing potentiometer.

The two extreme baffle configurations are shown in figure 1. The
baffle sizes investigated were 5, 10, 20, 30, and 40 percent of annulus
area.

PROCEDURE

Performance dats were taken at 50 percent of rated speed and &t
speed increments of 10 percent to rated speed. Because of temperature
limitations, rated area could not be cobtained at high speeds with baf-
fles. Therefore, all performance data were taken with the nozzle open.

Hot-wire surveys in the first- and fourth-stage stabor rows were
made for each baffle configuration. The oubtput from the hot-wire ane-
mometer was passed through a cirecult whose output was a d-c voltage pro-
portional to the root mean squere of the fluctuating input. This d-c
output was then recorded on & self-balencing-potentiometer chart recorder.
Once the desired engine condltions were set, the probe was moved radially
inward at a constant speed by the actustor. At the same time, the chart
recorder was turned on. Thus, a continuous radial traverse of the aver-
age air fluctuation was obtalned from the compressor case to the rotor
hub. Surveys were made at various speed increments from about 50 to 82
percent of rated speed (4000 to 6500 rpm) with the exheust nozzle open
and to 76 percent of rated speed (6030 rpm) with the nozzle set to give
limiting exhaust temperatures at 76-percent rated speed.

Oscillograph records of rotating stall (bypassing the rms circuit)
or of vibrations, or both, were teken whenever the monitoring oscillo-
scope showed them to be of perticuler interest. Ceare was taken to detect
rotating stall in the speed range in which it is usually experienced in
normal engine operation.

RESULTS AND DISCUSSION
Rotating Stall

A typical oscillogram of the output of a hot-wire anemometer when
rotating stall is present in the compressor is shown In figure Z(a).
The height of the peaks is a measure of the strength of the air fluctua-
tion, and the sbscissa is time. The peaks occurred at reguler intervals.
When the 5-percent baffle was installed, the hot-wire-snemometer outpub
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appeared as in figure 2(b). The periodic nature of the peaks has dis-
appesred. It is this periodicity of the stall pattern (fig. 2(a)) that
is responsible for much compressor blade vibration.

Figures 3{a) and (b) are some typical radisl traverses showing the
variation in the radisl direction of the rms magnitude of air fluctua-
tion in the first-stage-stator anmulus. Except where noted in the fig-
ures, the fluctuations shown were random; that is, rotating stall was
not present. Figure 3(a) shows the fluctuation patterns with no baffle
and with the exhaust nozzle open. At 4840 rpm, alr fluctuation takes
place over sbout one-fourth of the blade span. From 5240 to 5630 rpm,
rotating stall was present in the compressor; the peaks of these curves
are higher and narrower. However, this condition is not necessarily an
indication of rotating stall. The stalled area at 5240 and 5360 rpm
covered about 20 percent of the annulus. The upper limit of rotating
stall was approached at 71 percent of rated speed (5630 rpm). Here, the
averaged velocity fluctuation was less, as shown by the lower peak, and
covered only about 5 percent of the blade span. Similar data were ob-
tained with a rated nozzle (fig. 3(b)). The stall pattern tends to be-
come weaker and to cover less of the blade as speed is increased. For
thls engine, then, it can be concluded that as the gpeed increases the
peak strength of the gtalls decreases and they extend over less of the

annulus.

The effect of inlet haffles on magnitude of fluctustion is shown in
figure 4. Increasing baffle size increases considerably the amount of
the annulus covered by the fluctuation. As larger and larger baffles
were installed, the peak moved toward the hub and decreased slightly in
value (fig. 4(a)). Similar results are shown in figure 4(b), which pre-
sents data obtained for all bvaffles at 8000 rpm, at which speed there is
normally no rotating stall. The peak amount of turbulence or alr flue-
tuation was about doubled and the amount of annulus covered by the tur-
bulence was Increased by a factor of 4 with the introduction of the 5-
percent baffle. :

Figure 5 shows the effect of engine speed on the air fluctuation in
the first-stage-stator annulus with the S5-percent baffle installed. The
data shown in figure 5(a) were obtained with the exhaust nozzle closed to
give limiting exhaust-gas temperature at 6030 rpm. The data of figure
5(b) were obtained with the nozzle open. These figures show that the
peak air fluctuation moves toward the compressor case as the engine speed
is increased. If the baffle is compared with an orifice, it might be
expected that as the compressor speed is increased the vensa contracta
would move upstream toward the baffle and Increase in diameter becsuse
of the increasse in mass flow. The baffles had a similar effect on the
air fluctuation in the fourth stage.
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Vibratory Stress

Figure 6 shows vibratory stress in a second-stage blade, the most
serious vibrations encountered in the engine without an inlet baffle.
In reference 8 the complete map of the rotating-stall areas was deter-
mined, so that the stall patterns present during different acceleration
paths could be predicted. A%t 5200 rpm with the exhaust nozzle closed bhe-
yond rated area to similate a particular acceleration path, vibratory
stresses above the fatigue strength were recorded. This stress was due
to resonance between the second-stage blade frequency and the fundamental
of the seven-zone stall frequency relative to the blades. Stresses en-

scountered in the same blade with the 5-percent baffle installed asre pre-

gsented for comparison. The effect of the baffle can readily be seen.
The vibratory stress was lowered from a stress above the fatigue strength
to a safe operating stress.

Compressor Performance

The effects of the various baffle configurations on compressor per-
formance with the exhsust nozzle open are shown in figure 7. In actual
practice, the baffle would only be in position abt about 5200 rpm or about
65 percent of rated speed. At this speed and with the nozzle open, the
S-percent baffle caused a drop of about 1 percent in efficiency, 2 per-
cent in pressure ratio, and 4 percent in weight flow.

CONCLUSIONS

From an analysis of the date obtained in this investigation, the
following conclusions may be drawn for the J47-23 engine considered in
this report: '

1. A 5-percent inlet baffle was sufficlent to eliminate sustained
rotating stall, although nonperiodic air fluctuations of larger magnitude
were sometimes encountered.

2. The maximum vibratory stress encountered in the compressor with
no inlet baffle installed was in the second stage, where & stress well
above the fatigue strength was recorded when the exhasust nozzle was closed
to simulate & particular acceleration path. This stress was reduced to
a safe operating level with the installation of the S5-percent baffle.

3. A S5-percent inlet baffle reduced compressor efficiency 1 percent,
pressure ratio 2 percent, and weight flow 4 percent at 65-percent rated
speed with the exhsust nozzle open.

Lewis Flight Propulsion Laboratory

National Advisory Commlttee for Aeronsutics
Cleveland, Ohio, March 28, 1955



6 o NACA RM E55C25a

REFERENCES

1. Huppert, Merle C., Johnson, Donald F¥., and Costilow, Eleanor L.:
Preliminary Investigation of Compressor Blade Vibration Excited by
Rotating Stall. NACA RM ES52J15, 1952.

2. Huppert, Merle C., Calvert, Howerd F., and Meyer, André J., Jr.:
Experimental Investigation of Rotating Stall and Blade Vibration
in the Axisl-Flow Compressor of a Turbojet Engine. NACA RM E54408,
1954.

3. Calvert, Howard F., Braelthwaite, Willis M., and Medeiros, Arthur A.:
Rotating-Stall and Rotor-Blade-Vibration Survey of a 13-Stage Axlal-
Filow Compressor In a Turbojet Engine. "NACA RM E54J18, 1955.

4. Calvert, Howard ¥., Medeiros, Arthur A., and Garrett, Floyd B.:
Axial-Flow Compressor Rotating-Stall end Rotor-Blade Vibration
Survey Terminated by a Fourth-Stage Rotor-Blade Failure NACA RM
E54K28, 1955.

5. Huntley, S. C., Huppert, Merle C., and Calvert, Howard F.: Effect
of Inlet-Air Baffles on Rotating-Stall and Stress Characteristics
of an Axial—Flow Compressor in a TurboJjet Engine. NACA RM ES54G09,
19585, '

6. Lucas, James G., Finger, Harold B., and Filippi, Richard E.: Effect
of Inlet-Annulus Area Blocksge on Over-All Performance and Stall
Characteristics of an Experimental 15-Stage Ax1al—Flow Campressor.
NACA RM ES53L28, 1954.

7. Shepard, Charles E.: A Self-Excited, Alternating-Current, Constant-
Temperature Hot-Wire Anemometer. NACA TN 3406, 1955.

8. Hanson, Morgan P., Johnson, Donald F., and Meyer, André J., Jr.:
Compressor-Blade Vibration and Performance in a J47-23 Turbojet
Engine under Conditions of Rotating Stall. NACA RM E54LZCa, 1955.

2618 .



3618

NACA RM E55C25a. L

Rotor hub

|

_.l..._.

4 S-percent

40-percent baffle
baffle
Stator
:%L—_—&g---‘
CD-4224
Inlet guide ) Rotor
vanes

Figure 1. - Inlet-gir baffles.
s



GO NACA RM E55C25a

(a) Typical output of hot-wire anemometer when
rotating stall 1s present.

(b) Hot-wire-anemometer output with'Sipercent
baffle.

Figure 2. - Oscillograms of alr fluctuations
in first-stage stators at 5300 rpm.
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Vibratory stress, percent of maximum
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